It has long been a matter of speculation how oceanic birds cover their needs for water. Some marine birds remain at sea for weeks or months, hundreds of miles from land and any possible sources of fresh water. Sea water is known to be toxic to man and most other mammals, the reason being its high salt content. Some authors have stated that marine birds do drink sea water (Murphy, 1936: 337), while others have maintained that they can subsist wholly on water obtained from the food (Smith, 1953:163).
THE FUNCTION OF THE SALT GLAND IN THE BROWN PELICAN BY KNUT SCHMIDT-NIELSEN AND RAGNAR I•'ANGE
It has long been a matter of speculation how oceanic birds cover their needs for water. Some marine birds remain at sea for weeks or months, hundreds of miles from land and any possible sources of fresh water. Sea water is known to be toxic to man and most other mammals, the reason being its high salt content. Some authors have stated that marine birds do drink sea water (Murphy, 1936: 337), while others have maintained that they can subsist wholly on water obtained from the food (Smith, 1953:163) . In order to profit from the ingestion of sea water it is necessary for an animal to excrete salts in a concentration at least as high as that in the water ingested. The elimination of the salt would otherwise require an additional amount of water which would be taken from the body tissues. Therefore, if the organism cannot excrete a highly concentrated salt solution, the drinking of sea water only will lead to a progressive dehydration or a harmful accumulation of salt.
The bird kidney is able to excrete salts in a concentration only about one-half of that found in sea water. Hence, if the bird kidney should excrete the salts from a given amount of sea water, it would be necessary to produce twice as much urine as the amount of water ingested. Thus, the kidney is not able to keep a marine bird in a favorable water balance if it drinks sea water.
However, it was recently discovered that in marine birds a major part of the ingested salt is excreted extrarenally. The nasal glands, or salt glands, are able to produce a highly concentrated salt solution, making it possible to tolerate drinking of sea water (Schmidt-Nielsen ½t al., 1957, 1958). Cormorants as well as a number of other marine birds have been found to secrete salt in high concentrations from the salt gland, and there is little doubt that this is the general avenue for salt excretion in all marine birds. This function is well correlated with the size of the salt gland, which is large in marine birds, as contrasted with terrestrial birds, which have a very small nasal gland. Our findings on the function of the salt gland in the Brown Pelican are here reported.
MATERIALS AND METYIODS
The experimental animals were common Brown Pelicans (Pelecanus occidentalis carolinensis). They were caught on the Gulf Coast of The total amount of liquid secreted from the salt gland in this experiment was 33.75 ml. In the same period four samples with a total volume of about 22 ml of cloacal contents were passed (most of this was only slightly contaminated with fecal material). The amount of liquid produced by the salt gland therefore exceeded the amount produced by the kidney. However, the important difference in the roles of these two organs appears when the salt concentrations are compared.
While the average salt concentration in the nasal secretion was over 700 mEq/liter (ab. 4 g NaC1 per 100 ml), the average urine concentrations were about 250 mEq/liter (ab. 1.5 g NaCI per 100 ml) (see table 2). With the smaller volume of urine and its much lower salt concen- 550 mN) . In other words, the salt gland has the capacity to excrete the salts contained in ingested sea water. Studies on gulls, which will be described in another publication, have shown that the innerration of the salt gland is of parasympathetic nature, and that secretion from the gland can be stimulated by mecholyl (methacholine chloride), a drug that mimics parasympathetic stimulation and causes secretion from a number of glands. It was therefore of interest to compare the stimulation by mecholyl in the pelican with its effect on gulls. Mecholyl was injdcted intravenously in amounts of from 0.1 mg to 0.17 mg per kg body weight. Secretion from the salt glands as well as secretion of tear fluid started immediately and continued for periods up to ten minutes. The rate of secretion from the salt glands was rather low, the highest rate observed under mecholyl stimulation was 0.17 ml/minute for a five minute period. I-Ienee, some samples obtained were too small for complete analysis, but sodium determinations could be made on five samples. These ranged from $90 to 750 m]•q Na/liter (aver. 652 m]•q/1). In other words, the concentration was similar to that obtained by a salt load (see table 1). Potassium was from 10-18 m]•q/1, and chloride from 632 to 708 mEq/1. The mecholyl stimulation also provided an opportunity to obtain samples of lacrymal fluid. In the three samples obtained the sodium concentrations were 52, 83 and 93 mEq/liter, respectively. This is lower than the sodium concentration of the plasma, which is about 150 to 160 mEq/liter, and it clearly shows that the glands that produce the lacrymal fluid have no role similar to that of the salt gland in the excretion of salt. The most striking finding is that although the salt gland (nasal gland) is quite large, the HarderJan gland is some four to five times as large again. This gland forms a white or yellowish rounded mass in front of the eye bulb. Its histological structure is vesicular and different from the salt gland. The lacrymal gland is situated behind the eye. It is a small gland which in three cases weighed from 8 to 12 mg. The normal function of the large Harderian gland is not known with certainty. However, it is likely that the "tears" that appeared under mecholyl stimulation (see above) came from the Harderian gland. The amount of "lacrymal" fluid that was obtained in about a minute ran as high as 342 mg, and it is unthinkable that this amount of fluid was secreted by the lacrymal gland which weighs only some 10 mg. These "tears" could, on the other hand, easily be produced by a gland as large as the Harderian gland. As described earlier, the fluid is hypotonic, and it is viscious and slow flowing. It could well serve for protection of the eye of a diving bird, where the high viscosity would be a help in keeping it from being washed away.
Ti•]• MAJOR GI•ANDS IN •I-t]• ORnI
In contrast, the secretion from the salt (nasal) gland is always high in salt concentration and water-like in consistency. With the rates of secretion observed, which ranged up to 0.38 ml/minute (Pelican C) it can be estimated that the salt glands can secrete a volume of liquid about four tenths of their weight per minute. This is indeed a very high rate of secretion, particularly in view of the considerable osmotic work involved in the secretion.
DISCUSSION
While sea water is known to be toxic to most mammals and terrestrial birds, it has been debated whether marine birds drink sea water. For an animal to tolerate drinking of sea water it is necessary to excrete the salts in a concentration at least as high as in the water taken in. While the bird kidney cannot produce a urine as concentrated as sea water, the excretory function of the salt gland (nasal gland) is very efficient, producing a fluid with salt concentrations higher than that in ingested sea water, thereby leaving a net gain of water.
It is well known that the nasal gland is particularly well-developed in marine birds. The significance of this has been discussed, and the commonly accepted conclusion has been that the large nasal gland produces a secretion which will rinse away the harmful or irritating effect of sea water that penetrates into the nasal cavity (Marpies, 1932). Of 83 species of birds examined by Technau (1936) the 24 species that had particularly large glands were all marine. It is interesting to note that Technau's careful investigations also revealed a correlation with the habitat of the bird within a single genus. For example, among gulls the size of the gland increases as we move from the European Blackheaded Gull (Larus ridibundus), through the Mew Gull (Larus canus) and the Herring Gull (Larus argentatus) to the Great Black-backed Gull (Larus marinus). In Europe the Black-headed Gull is mostly a fresh water species; it breeds at fresh water and spends much of the year on the big European rivers. The Great Black-backed Gull, on the other hand, has the most pronounced marine habitat of all the species 
SUMMARY
The salt gland (nasal gland) of the Brown Pelican can excrete a highly concentrated solution of sodium chloride. The excretory capacity of the salt gland permits the bird to tolerate ingestion of sea water, and to profit from it because the salt is excreted in a concentration higher than in sea water. Quantitatively, the role of the salt gland in the elimination of sodium chloride is greater than that of the kidney.
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